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©  Thin  film  of  Ln2-xcexcuo4-y  single  crystal  and  process  for  producing  the  same. 

plane  of  the  single  crystal  is  parallel  with  the  film 
surface,  which  thin  film  exhibits  superconductivity 
without  post-treatment.  The  film  is  produced  by  si- 
multaneously  evaporating  Ln,  Ce,  and  Cu  from  dis- 
crete  evaporation  sources  while  supplying  oxygen 
gas  close  to  the  substrate  surface. 

©  A  thin  film  of  a  single  crystal  of  an  oxide  having 
a  composition  formula  of 
Ln2.xCexCu04.y 
wherein  Ln  is  at  least  one  rare  earth  element  se- 
lected  from  the  group  consisting  of  Pr,  Nd,  and  Sm 
and  x  is  a  number  of  0.14  to  0.18,  wherein  the  (001) 
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THIN  FILM  OF  LN2.xCExCUO4.y  SINGLE  CRYSTAL  AND  PROCESS  FOR  PRODUCING  THE  SAME 

The  present  invention  relates  to  a  thin  film  of 
Ln-Ce-Cu-0  base  single  crystal  and  a  process  for 
producing  the  same.  In  particular,  the  present  in- 
vention  relates  to  a  thin  film  of  a  single  crystal  of 
an  oxide  having  a  composition  formula  of 
Ln2.xCexCuO4.y 
wherein  Ln  is  at  least  one  rare  earth  element  se- 
lected  from  the  group  consisting  of  Pr,  Nd  and  Sm, 
which  exhibits  superconductivity,  and  a  process  for 
producing  such  thin  film. 

Since  J.  G.  Bednorz  and  K.  A.  Mueller  discov- 
ered  a  La  base  oxide  superconductor,  vigorous 
researches  have  been  made  for  discovering  novel 
materials  which  have  higher  superconductive  criti- 
cal  temperature  To,  and  Y  base,  Bi  base  and  Tl 
base  oxides  which  exhibit  superconductivity  at  a 
temperature  higher  than  the  boiling  point  of  liquid 
nitrogen  (77  K)  have  been  found. 

In  1989,  Tokura  et  al  found  a  Ln2.xCexCu04.y 
base  material  which  has  different  properties  from 
the  already  known  high  temperature  superconduc- 
tors  (cf.  Nature  337  (1989)  345).  In  the  high  tem- 
perature  supercoTiductive  oxide  comprising  copper, 
carriers  are  holes,  while  in  the  Ln2.xCexCu04.y  base 
material,  they  are  electrons.  To  achieve  the  super- 
conductive  characteristics  in  the  Ln2.xCexCuO4.y 
base  material,  reduction  of  the  material  in  vacuo  is 
necessary.  This  characteristic  is  far  different  from 
that  of  the  already  known  superconductive  oxides 
which  require  sufficient  oxidation.  In  particular, 
when  the  high  temperature  superconductor  is  used 
in  electronic  devices,  it  should  be  used  in  a  thin 
film  form.  Since  the  thin  film  of  the  superconductor 
is  prepared  by  a  vacuum  process,  it  is  very  difficult 
to  make  a  thin  film  from  the  already  known  oxide 
superconductors  in  vacuo  since  the  oxidation  in 
vacuo  is  almost  impossible  technically. 

In  case  of  the  Ln2.xCexCu04.y  base  material, 
once  the  crystal  of  the  material  is  grown,  its  super- 
conductivity  is  not  deteriorated  if  the  crystal  is 
post-treated  in  vacuo.  This  property  of  the  Ln2. 
xCexCuO4.y  base  material  is  very  advantageous  in 
the  practical  applications. 

it  is  also  found  that  the  coherent  length  of  the 
Ln2.xCexCu04.y  base  material  in  a  direction  in  par- 
allel  with  the  (001)  plane  is  measured  to  be  70  A 
with  its  single  crystal,  which  is  longer  than  the 
coherent  length  of  other  oxide  superconductors. 
This  is  advantageous  in  the  production  of  a 
Josephson  device. 

Since  the  Ln2.xCexCu04.y  base  material  is  a 
newiy  found  material,  there  are  a  few  papers  on  the 
production  of  a  thin  film  of  this  material  (cf.  S. 
Hayashi,  H.  Adachi,  K.  Setsune,  T.  Hirano  and  K. 
Wasa,  Japanese  Journal  of  Applied  Physics  28 

(1989)  L962;  S.  Saitoh,  M.  Hiratani  and  K. 
Miyauchi,  Japanese  Journal  of  Applied  Physics  28 
(1989)  L975).  Since  the  thin  film  of  the  Ln7 
xCexCuO4.y  base  material  was  produced  by  sput- 

5  turing,  the  film  as  a  whole  was  not  substantially  a 
single  crystal,  and  it  was  made  superconductive 
through  several  steps  of  thermal  treatment. 

One  object  of  the  present  invention  is  to  pro- 
vide  a  thin  film  of  a  single  crystal  of  Ln2.xCexCu04.y 

70  base  material  which  exhibits  superconductivity. 
Another  object  of  the  present  invention  is  to 

provide  a  process  for  producing  such  thin  film. 
According  to  the  first  aspect  of  the  present 

invention,  there  is  provided  a  thin  film  of  a  single 
75  crystal  of  an  oxide  having  a  composition  formula  of 

Ln2.xCexCu04.y 
wherein  Ln  is  at  least  one  rare  earth  element  se- 
lected  from  the  group  consisting  of  pr,  Nd,  and  Sm 
and  x  is  a  number  of  0.14  to  0.18,  the  (001)  plane 

20  of  which  single  crystal  is  parallel  with  the  film 
surface. 

According  to  the  second  aspect  of  the  present 
invention,  there  is  provide  a  process  for  producing 
a  thin  film  of  a  single  crystal  of  an  oxide  having  a 

25  composition  formula: 
Ln2.xCexCuO4.y 
wherein  Ln  and  x  are  the  same  as  defined  above, 
which  process  comprises  simultaneously  evaporat- 
ing  Ln,  Ce  and  Cu  in  an  atomic  ratio  of  about  2- 

30  x:x:1  from  discrete  evaporation  sources  of  Ln,  Ce 
and  Cu  to  deposit  them  on  a  substrate  in  a  vacuum 
vessel  while  supplying  an  oxygen  gas  from  a  dis- 
tance  close  to  the  substrate  to  form  an  oxygen- 
containing  atmosphere  having  a  relatively  high 

35  pressure  at  the  substrate. 
The  invention  will  be  described  in  detail  in  connec- 
tion  with  the  drawings  in  which  Fig.  1  shows  the  X- 
ray  diffraction  pattern  of  the  Nd2.xCexCu04.y  thin 
film  formed  in  Example  1  , 

40  Fig.  2  is  the  reflection  high  energy  electron 
diffraction  photograph  of  the  Ln2.xCexCu04.y  thin 
film  formed  in  Example  1  and 

Fig.  3  is  a  graph  showing  a  relationship  be- 
tween  resistivity  and  absolute  temperature  of  the 

45  Nd2.xCexCuO4.y  thin  film  formed  in  Example  2. 
In  the  process  of  the  present  invention,  the 

substrate  has  the  (001)  plane  in  its  surface  on 
which  the  single  crystal  Ln2.xCexCu04.y  is  grown. 
As  the  substrate  material,  SrTiCb  is  preferably 

50  used,  although  other  substrate  materials  may  be 
used. 

In  the  process  of  the  present  invention,  the 
vacuum  vessel  is  firstly  evacuated  to  high  vacuum 
of,  for  example,  about  10~6  Torr.  and  then  a  small 
amount  of  the  oxygen  gas  is  continuously  supplied 
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In  comparison  with  the  sputtering  method,  the 
process  of  the  present  invention  can  produce  re- 
producibly  the  desired  material  since  it  can  be 
carried  out  while  preventing  contamination  with  im- 

5  purities  under  easily  controlled  operating  condi- 
tions. 

The  single  crystal  thin  film  of  the  present  in- 
vention  can  exhibit  superconductivity  without  post- 
treatment  after  the  deposition  of  the  thin  film. 

10  Therefore,  on  this  thin  film,  various  other  thin  films 
can  be  successively  formed,  and  the  single  crystal 
thin  film  of  the  present  invention  can  be  advanta- 
geously  used  for  the  production  of  electronic  de- 
vices. 

75  The  present  invention  will  be  illustrated  by  fol- 
lowing  Examples. 

towards  the  substrate  from  a  distance  close  to  the 
substrate  to  increase  the  pressure  of  oxygen  at  the 
substrate  to  10~2  to  10~1  Torr  while  an  internal  gas 
in  the  vessel  is  continuously  exhausted  from  a 
suitable  part  of  the  vessel  to  keep  background 
pressure  at  10~5  to  10~3  Torr.  The  reason  why  the 
upper  limit  of  the  background  pressure  is  selected 
to  be  10~3  Torr  is  that  the  metal  elements  in  the 
evaporation  sources  are  constantly  evaporated 
without  deterioration.  The  lower  limit  of  10~5  Torr  is 
the  minimum  gas  pressure  for  generating  the  plas- 
ma.  If  the  plasma  is  not  utilized,  this  lower  limit  is 
not  technically  important. 

The  reason  why  the  oxygen  gas  pressure  is 
increased  only  near  the  substrate  is  that  Cu  is  not 
oxidized  to  Cu*2  if  the  oxygen  gas  pressure  is 
lower  than  10"3  Torr. 

The  plasma  may  be  generated  by  placing  a 
high  frequency  coil  between  the  evaporation  sour- 
ces  and  the  substrate  and  oscillating  it  between  the 
coil  and  the  vessel  wall  at  high  frequency.  While 
the  plasma  generation  is  preferred  since  reaction 
activities  of  the  evaporated  metals  are  increased 
and  a  single  crystal  with  better  quality  can  be 
obtained,  it  may  have  some  drawbacks  that  the 
plasma  attacks  the  desired  material  which  is  being 
formed  if  the  plasma  energy  is  too  high.  Therefore, 
an  electric  power  for  generating  the  plasma  is 
preferably  in  a  range  from  50  to  500  W,  preferably 
around  1  00  W. 

Ln  and  Ce  are  evaporated  by  the  electron 
beam,  and  Cu  is  evaporated  by  electric  resistance 
heating.  During  evaporation  of  the  metals  by  the 
above  described  evaporation  means,  the  atomic 
ratio  of  Ln,  Ce  and  Cu  is  adjusted  to  about  2-x:x:1 
by  adjusting  the  electric  power  according  to  the 
results  of  preliminary  experiments.  Namely,  in  the 
preliminary  experiments,  how  much  metal  Ln,  Ce 
or  Cu  is  evaporated  and  how  much  the  correspond- 
ing  oxide  is  formed  by  the  specific  electric  power 
applied  to  each  evaporation  source  per  unit  time 
are  measured  by  a  film  thickness  measuring  device 
installed  in  the  vacuum  evaporation  vessel  near  the 
substrate  for  each  metal.  Thereby,  a  relationship 
between  an  evaporation  rate  of  each  metal  and  the 
applied  electric  power  is  established  and  the  the 
electric  power  to  be  applied  to  each  evaporation 
source  during  formation  of  the  thin  film  of  Ln2. 
xCexCuO4.y  single  crystal  is  determined. 

The  temperature  of  the  substrate  is  can  be 
easily  determined  and  preferably  750  to  800°  C. 

The  thin  film  of  the  Ln2.xCexCu04.y  single  cry- 
stal  of  the  present  invention  can  be  controlled  by 
adjusting  the  conditions  such  as  deposition  time. 
Preferably,  the  thickness  is  at  least  1000A.  The 
maximum  thickness  of  the  thin  film  is  noj:  critical, 
but  preferably  does  not  exceed  10,000  A  from  a 
practical  view  point. 

Example  1 
20 

A  vacuum  vessel  having  a  diameter  of  1000 
mm  and  a  height  of  1200  mm  was  evacuated  to 
10~G  by  an  oil  diffusion  pump. 

As  a  substrate,  a  piece  of  SrTiC>3  single  crystal 
25  was  used  with  the  (001)  plane  forming  a  substrate 

surface  (10  mm  x  10  mm).  After  placing  the  sub- 
strate  in  the  vacuum  vessel,  it  was  heated  to 
800°  C  and  kept  at  this  temperature  with  a  heater. 

From  a  nozzle  for  supplying  the  oxygen  gas 
30  provided  near  an  edge  of  the  substrate,  the  oxygen 

gas  was  directly  blown  onto  the  substrate,  whereby 
the  gas  pressure  was  increased  to  10~2  to  10~1 
Torr.  only  near  the  substrate,  while  the  pressure 
near  the  evaporation  sources  which  were  placed 

35  apart  from  the  substrate  was  increased  only  to 
10~*  Torr. 

Metals  Nd,  Ce  and  Cu  were  evaporated  from 
independent  evaporation  sources  at  such  evapora- 
tion  rates  that  the  atomic  ratio  of  Nd:Ce:Cu  was 

40  1.85:0.15:1  on  the  substrate.  For  example,  Nd,  Ce 
and  Cu  were  evaporated  at  a  rate  of  2  A  /sec,  0.3 
A/sec,  and  0.5  A/sec,  respectively  in  terms  of  grow 
rates  of  the  corresponding  oxides. 

Between  the  substrate  and  the  evaporation 
45  sources,  a  high-frequency  (13.56  MHz)  coil  was 

placed,  and  high  frequency  was  applied  at  100  W 
so  as  to  generate  oxygen  plasma,  which  activated 
the  evaporated  metals  and  accelerated  the  reac- 
tions  on  the  substrate. 

so  Under  the  above  conditions,  the  metal  oxides 
were  deposited  on  the  substrate  to  form  a  thin  film 
having  a  thickness  of  1000  A.  After  the  formation  of 
the  thin  film,  the  supply  of  the  oxygen  gas  towards 
the  substrate  was  stopped,  and  the  thin  film  on  the 

55  substrate  was  cooled  to  room  temperature. 
The  X-ray  diffraction  pattern  of  the  formed  thin 

film  is  shown  in  Fig.  1,  and  the  reflecting  high 
energy  electron  diffraction  (RHEED)  photograph  of 
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the  thin  film  is  shown  in  Fig.  2. 

Example  2 
5 

In  the  same  manner  as  in  Example  1,  a  thin 
film  of  Nd2.xCexCuO4.y  single  crystal  having  a  thick- 
ness  of  1200  A  was  formed. 

A  relationship  between  resistivity  and  absolute 
temperature  was  measured.  The  result  is  shown  in  10 
Fig.  3.  With  no  post-treatment,  the  formed  thin  film 
exhibited  the  metallic  resistance  change  versus 
temperature  and  its  resistance  became  0  (zero)  at 
15  K. 

75 

Claims 

1.  A  thin  film  of  a  single  crystal  of  an  oxide  having 
a  composition  formula  of  20 
Ln2.xCexCuO4.y 
wherein  Ln  is  at  least  one  rare  earth  element  se- 
lected  from  the  group  consisting  of  Pr,  Nd,  and  Sm 
and  x  is  a  number  of  0.14  to  0.18,  the  (001)  plane 
of  which  single  crystal  is  parallel  with  the  film  25 
surface. 
2.  The  thin  film  according  to  claim  1  ,  wherein  said 
oxide  has  a  composition  formula:  Nd2.KCexCuC>4.y 
wherein  x  is  the  same  as  defined  above. 
3.  A  process  for  producing  a  thin  film  of  a  single  30 
crystal  of  an  oxide  having  a  composition  formula  of 
Ln2.xCexCuO4.y 
wherein  Ln  is  at  least  one  rare  earth  element  se- 
lected  from  the  group  consisting  of  Pr,  Nd,  and  Sm 
and  x  is  a  number  of  0.14  to  0.18,  wherein  the  35 
(001)  plane  of  the  single  crystal  is  parallel  with  the 
film  surface,  which  process  comprises  simulta- 
neously  evaporating  Ln,  Ce  and  Cu  in  an  atomic 
ratio  of  about  2-x:x:1  from  discrete  evaporation 
sources  of  Ln,  Ce  and  Cu  to  deposit  them  on  a  40 
substrate  in  a  vacuum  vessel  while  supplying  an 
oxygen  gas  from  a  distance  close  to  the  substrate 
to  form  an  oxygen-containing  atmosphere  having  a 
relatively  high  pressure  at  the  substrate. 
4.  The  process  according  to  claim  3,  wherein  plas-  45 
ma  is  generated  between  the  evaporation  sources 
and  the  substrate. 

50 

55 
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